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Abstract 
   
The presented work focuses on the influence of the material of the mould on the solidification kinetics of AlSi10Mg alloy during the 
mould cavity filling. In order to examine this problem, the measurements concerning temperature changes in the selected points of the 
mould have been taken for AlSi10Mg alloy poured into either the oil-bound sand mould or the metal mould. Thus the solidification and 
cooling curves of the examined material have been achieved. The recorded temperature changes have served as a basis for preparing 
graphs representing the velocity of the metal stream and the distance travelled by the front of the stream against the time. Casting in the 
permanent mould has resulted in shortening the flown distance by about 10%  as compared with casting in the expendable mould. The 
recorded data has also allowed for determining the temperature changes at the moving front of the metal stream during the mould filling. 
The results indicate that the alloy poured into the metal mould begins the solidification process much earlier, after covering only half of the 
distance travelled by the metal in the expendable mould prior to the solidification beginning. 
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1. Introduction 
 
Aluminium alloys exhibit small specific weight, which along 
with their good strength properties results in their wide use for 
machine elements and parts of many devices in every field of 
human endeavour. Among them are silumins, which constitute 
a significant  part  of  cast  aluminium  alloys.  Their  excellent 
casting properties and great serviceability have won  for them 
a position  of  main  construction  materials  in  many  fields  of 
industry. They are first of all used in engineering, shipbuilding, 
and  power  industry  [1-4].  Due  to  the  still  growing  area  of 
application  and  permanently  raising  quality  demands  it  is 
necessary to examine widely and carefully  their solidification 
process.  An  exact  analysis  of  solidification  processes  taking 
place during the flow of silumins in a mould will allow for the 
possibility  of  controlling  this  processes  and  by  the  same  of 
improving  the  quality  and  serviceability  of  silumin  castings. 
Solidification is a process during which metal passes from the 
liquid  to  the  solid  state  due  to  the  heat  extraction.  It  is 
a complicated physical and chemical process consisting of two 
main stages: the inoculation and the growth of crystals on the 
previously formed base [5, 6]. The rate of extracting the heat 
from a casting, and by the same the solidification time, depends 
on  the  thermal  properties  of  materials  constituting  the 
metal/mould system, on the geometry of this system, as well as 
on the conditions of heat exchange at both the metal/mould and 
the mould/environment boundaries. Cooling of castings which 
takes place in sand moulds is characterised by a low thermal 
conductivity of mould material. It means that the cooling rate of 
a casting depends mainly on the thermophysical properties of the 
mould, and the thermal conductivity of metal is of no practical 
significance [7, 8]. The solidification and cooling of castings in 
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sand moulds, as far as heat extraction is concerned. Using dies 
makes possible controlling the solidification process in a wide 
range,  what  influences  directly  the  formation  of  a  casting 
structure and results in the possibility of controlling properties of 
castings  [9-11].  The  solidification  rate  of  a  casting  can  be 
adjusted by adjusting the degree of mould overheating, as well as 
by  changing  the  thickness  of  the  protective  coating.  The 
possibility of thorough insight into the solidification processes 
taking place in the alloy filling the mould cavity can give the 
possibility of more exact controlling the resulting structure of the 
alloy thus increasing properties of the achieved castings [3]. 
 
 
2. Methods and results of examination  
 
The AlSi10Mg alloy exhibiting an advantageous combination 
of  both  casting  and  strength  properties  has  been  selected  for 
testing. The examination of solidification during flow has been 
performed by means of the bar test (  8 mm) for evaluating the 
castability  of  alloys.  To  perform  this,  two  moulds  have  been 
prepared, a metal die and a sand mould with oil binder. Both of 
them have been equipped with NiCr-Ni thermocouples of 0.3 mm 
diameter arranged at intervals of 15 mm. Both the arrangement 
and the quantity of thermocouples have been determined on the 
ground  of  previous  examinations.  The  temperature  has  been 
recorded  by  means  of  the  PCL-818  computer  laboratory 
measurement card of sampling frequency equal to 100 kHz [12]. 
The  molten  metal  has  been  overheated  to  the  temperature  of 
923 K and poured into the mould while the temperature changes 
at  the  selected  points  of  the  mould  have  been  simultaneously 
recorded.  An  exemplary  image  of  the  recorded  temperature 
changes at the selected points of a mould is shown in Fig. 1. 
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Fig. 1. Cooling and solidification curves for AlSi10Mg alloy 
recorded during the experiment 
The length of the obtained bars has been different for the two 
types of moulds and has been equal to either 135 mm for the oil 
sand mould or 180 mm for a metal die, what is indicated in Fig. 2.  
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Fig. 2. The lengths of bars obtained from the expendable (1) and 
the permanent (2) mould 
 
Figures  3  and  4  represent  the  initial  parts  of  the  recorded 
temperature diagrams for the oil sand mould (Fig. 3) and the die 
(Fig. 4). 
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Fig. 3.  The initial part of diagram of flow and solidification of 
AlSi10Mg alloy filling the cavity of the oil sand mould 
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Fig. 4. The initial part of diagram of flow and solidification of 
AlSi10Mg alloy filling the cavity of the die 
 
The  measured  values  of  temperature  changes  of  the  alloy 
filling the mould cavity have served for calculation of the covered 
distance (Fig. 5) and the momentary velocity of flowing silumin 
as a proportion of distance increment to time increment (Fig. 6) 
for both the expendable and the permanent mould. 
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Fig. 5. Changes of the covered distance of flowing and solidifying 
AlSi10Mg alloy 
 
As it has been mentioned above, the length of a bar cast in the 
die is equal to the 90% of the length of the bar achieved from the 
expendable mould. The above figure shows that the time of metal 
flow before its arresting is similar and equal up to 0.95 s for the 
oil  sand  mould,  and  0.85 s  for  the die.  The  velocity  of  metal 
stream in the expendable and the permanent mould differ slightly. 
The  average  velocity  of  the  alloy  filling  either  the  die  or  the 
permanent mould cavity is 150 mm/s. For both cases the velocity 
profile is similar, there occurs a flow disturbance caused probably 
by suppressing the flow within the gating system. The velocity 
becomes  stable  for  a  while  after the  alloy  has  travelled  about 
100 mm, then it rapidly drops down when the covered distance is 
equal to either 105 mm for the expendable mould or 110 mm for 
the permanent one. 
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Fig. 6. Changes of momentary velocity of flowing and solidifying 
AlSi10Mg alloy 
 
As the moving front of the metal stream meets the subsequent 
thermocouple junctions, the measuring card records this moments 
of time and the corresponding temperature values. Therefore it is 
possible to  determine  the  temperature  curve of  the  front  of  the 
flowing metal. Such curves for AlSi10Mg alloy filling either the 
expendable or the permanent mould are presented in Fig. 7. 
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Fig. 7. The temperature of the front of the flowing stream of 
AlSi10Mg alloy poured either into the expendable or into the 
permanent mould 
 
The diagram in Fig. 7 show that the flow accompanied by the 
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after the  alloy  has  travelled  the  distance  of  about  57 mm,  i.e. 
about half the corresponding distance for the alloy poured into the 
expendable mould, which equals to 103 mm. The flow with the 
simultaneous solidification proceeds in the die along the cavity 
length  equal  to  63  mm,  the  distance  being  shorter  than  the 
corresponding  length  travelled  by  the  alloy  in  the  expendable 
mould. It is also interesting that the flow of metal along the die 
stops  when  the  temperature  of  metal  drops  down  to  540°C, 
whereas the temperature of metal arresting for the sand mould is a 
little higher and equals to 560°C. The reduced solidification rate 
for  the  expendable  mould  results  also  in  the  diminished 
supercooling  of  the  solidifying  alloy.  According  to  Fig.  7,  the 
supercooling of the alloy solidifying in the expendable mould is 
5°C, while for the die it reaches 20°C. These results can suggest 
different  solidification  mechanisms  for  the  case  of  thin-walled 
items cast either in the permanent or the expendable mould.   
Fig. 8 presents microstructures of the cast test bars of 8 mm 
diameter. It can be noticed that the casting obtained from the die 
is  characterised  by  the  distinctly  finer  structure.  The  observed 
precipitates  of  α-phase  are  smaller  and  the  eutectic  spacing 
is finer. 
a)   
b)   
Fig. 8. Microstructure of AlSi10Mg alloy cast into a) the 
expendable mould, b) the permanent mould, magn. 100 × 
 
 
3. Conclusions 
 
1.  The AlSi10Mg alloy cast in the metal mould has exhibited the 
castability, measured as the achieved length of the cast bar of 
8  mm  diameter,  decreased  by  10%  as  compared  with  its 
castability determined using the oil sand mould. 
2.  The  time  of  flow  of  the  alloy  before  its  final  arresting  is 
slightly  different  for  these two  cases;  it  has  been equal to 
0.95 for the expendable mould, while for the permanent one it 
has been 0.85 s. 
3.  The decreased cooling rate of the alloy filling the expendable 
mould causes a drop in its supercooling value from 25°C to 
5°C, as compared with the alloy filling the permanent mould. 
4.  Casting of AlSi10Mg alloy both in the expendable and the 
permanent mould has revealed that the velocity of metal flow 
is quite similar for both cases. The disturbance in the velocity 
profile  is  probably  caused  by  the  influence  of  the  gating 
system and the thermal effect of crystallization. 
5.  Solidifying of alloy in the expendable mould begins after the 
metal  has  covered  twice  as  long  distance  along  the  mould 
channel than it has been for the permanent mould. 
6.   The  section  of  the  flown  distance  along  which  the 
simultaneous flow and crystallization occurs, is different for 
the alloy solidifying in the expendable mould (32 mm) and for 
the one solidifying in the permanent mould (63 mm). 
7.   The temperature at which the alloy flow is arrested is only 
slightly different for the alloy filling either the expendable or 
the permanent mould. For the alloy in the expendable mould 
this temperature is equal to 560°C, whereas for the alloy in 
the permanent mould it is 540°C. 
8.  The performed examinations have revealed that, as far as the 
thin-walled  castings  are  concerned,  the  castability  of 
AlSi10Mg alloy and the velocity of metal stream does not rely 
on the material properties of the mould, but the type of mould 
influences  the  solidification  kinetics  of  the  examined alloy 
and distinctly affects the structure of the obtained casting. 
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